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Brain size growth is more plastic in humans than in chimpanzees
Zachary Cofran1
1 - Vassar College
It has recently been shown that brain shape has lower heritability in humans than in chimpanzees, implying greater plasticity in
human neural development [1]. Greater capacity to respond to environmental stimuli may be a hallmark of human cognitive evo-
lution underlying our cultural niche. Here I test whether humans display more plastic brain development, by assessing intraspecific
variation in brain size growth from birth, in cross-sectional samples of humans and chimpanzees of known age. Human data com-
prise a recent clinical Australian sample (n=152) and an autopsy sample from France (n=101) [2,3]. Chimpanzee data are from a
wild population (n=30) and a captive (n=69) colony [4,5]. For each sample, brain growth is modeled with an iterative curve fitting
procedure that assumes non-linear growth up to an asymptotic adult size. Bootstrapped confidence intervals are estimated in order
to statistically compare samples.
The chimpanzee samples show remarkable similarity in growth, despite such different living conditions. Captives have larger
brain sizes at both birth and adulthood than the wild chimpanzees, but the former’s 95% confidence intervals for both growth and
model parameters encompass wild values. In contrast, the two human samples’ 95% confidence intervals for growth and model
parameters do not overlap at all, except for asymptotic adult size. The French sample starts with a smaller neonatal brain size and
grows at a slower rate for a longer time to reach the same average adult size as the Australian sample.Thus, the chimpanzee samples
come from very different environments but have statistically indistinguishable brain size growth, while the human samples follow
statistically significantly different patterns.
Although these results are consistent with greater plasticity of human neural development, the present findings contrast with
previous wisdom of human brain size growth. First, results highlight intraspecific variation in both the rate and duration of growth.
Second, asymptotic adult size is reached by 1.9 and 3.5 years in the the Australian and French samples, respectively, which is earlier
than is usually acknowledged for our species.Third, the duration of brain growth is very similar between the Australian and captive
chimpanzee samples. Human variation identified here not only has cognitive implications, but also cautions against the pooling of
ontogenetic brain size data from different populations.
I am grateful to Dr. Adam Gordon for providing the R code for the iterative curve fitting procedure.
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Sci. 112, 14799–14804.[2] Abbott A.H., Netherway, D.J., Niemann, D.B., Clark, B., Yamamoto, M., Cole, J., Hanieh, A., Moore, M.H., David, D., 2000. CT-determined intracranial volume for a normal
population. J. Craniofac. Surg. 11, 211-223.[3] Coqueugniot, H., Hublin, J.-J., 2012. Age-related changes of digital endocranial volume during human ontogeny: results from an osteological reference
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National Park, Ivory Coast. Am. J. Phys. Anthropol. 147, 319-325.[5] Herndon, J.G., Tigges, J., Anderson, D.C., Klumpp, S., McClure, H.M., 1999. Brain weight throughout the life span of the
chimpanzee. J. Comp. Neurol. 409, 567-572.
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Fiber technology, rope-making, textiles and the Lochstäbe from the Aurignacian of the Swabian Jura
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At the end of the day, we know relatively little about fiber technology and textiles in the Paleolithic. Upper Paleolithic depictions,
use wear and residues on tools, evidence of stringing ornaments, occasional impressions in clay, and claims of preserved fibers pro-
vide hints about these matters [1,2]. Given that most scholars are not looking for evidence of fiber technology, we can hardly be
surprised that so little data on the topic exist. Here we suggest that researchers have known about artifacts for working fibers, string
and rope for decades, but have been unable to recognize their importance. While we cannot yet prove it, we hypothesize that a
number of perforated ivory artifacts (Lochstab, plural Lochstäbe) with carefully made spiral engravings inside their holes dating to
the Aurignacian, are tools for working fibers and making string and rope. Previous researchers have argued that these objects that
are well known from Vogelherd and Geißenklösterle represent decorated objects or mobile artworks [3,4]. In 2015 excavations in
the Aurignacian deposits at Hohle Fels in the Ach Valley of the Swabian Jura led to the discovery of a beautifully preserved ivory
Lochstab with four holes, each containing carefully carved, parallel, spiral engravings [5]. Due to its exceptional preservation, the
new Lochstab from Hohle Fels opened our eyes to the likelihood, that this object is likely not a work of art, but rather a precisely
made high-tech tool. Our paper presents the Lochstäbe from the Swabian Jura and similar finds from other contexts in Europe and
considers the merits and problems with the artistic versus functional interpretation of these remarkable objects.The high aesthetic
quality of these finds is readily apparent, but the most prominent aspect of the finds is the series of perfectly cut, deep, parallel
groves inside the holes themselves.These parts of the textitLochstäbe are significantly obscured from view, leading us to think that
the carefully placed series of deep spiral cuts were made to achieve a functional goal rather than as a form of artistic expression.
In light of the new discovery from Hohle Fels, we replicated these artifacts in different medium to test whether or not they could
be used to produce string or rope. We build our functional interpretation on extensive experimental work involving reproduced
Lochstäbe. Based on these tests, we conclude that the Lochstäbe are likely carefully made tools for working plant fibers rather than
being works of art.
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